
This alternative would require consultation with the ~S. NO other consul-
tations or permits are required.

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would be as described above (successional recovery of
about 730 to 1000 acres of wetlands). If it is implemented after direct dis-
charge occurs, the environmental impacts would be the same as those described in
Section 4.4.2 .2.1 (i.e., loss of 730 to 1000 acres of wetlands, etc.). ky
mitigative effects resulting from this alternative would not begin until the end
of the 27-month construction period.

4.4.2 .3.3 Cooling towers--partial recirculation

4.4.2 .3.3.1 Partial recirculation--discharge to Steel Creek

Cooling towers (2.8°C or 8.4°C approach temperature) that only recirculate

a POrtl On Of the cooling water could be added to the L-Reactor site. From Apri 1
through October the towers would cool water on a once-through basis and dis-

charge all the effluent directly to Steel Creek. Based on equilibrium tempera-
ture calculations for these months, the discharge to Steel Creek under normal

weather conditions would continuously meet the 32.2°C/+2 .8°C temperature cri-
teria if a 2.8°C approach cooling tower is ueed. Equilibrium temperature calcu-

lations indicate that, from November through ~rch (DU Pent, 1983d,e), a portion
of the cooling water must be recirculated to the 186-Basin. Table 4-50 lists

the percent of the cooling~ater flow exiting the cooling tower that would be
allowed to discharge into Steel Creek. The percent of direct river water flow

indicated in Table 4-50 is the blending water that would be mixed with the
cooling-tower discharge to meet the State +2 .8°C temperature criteria.

Table 4-50. Cooling-water usage for cooling-tower system
with partial recirculation (2.8°C approach

temperature tower)

Percent of cooling Percent of river water
tower flow into creek diverted directly to Steel Creek

Month (tower discharge) (blending water)

November 34 66
December 12 88
January 22 78
February 46 54
March 74 26

This alternative would require the construction of cooling towers adjacent
to the reactor (Figure 4-33) as described for the complete recirculation tower
alternative. In addition, a diversion box and piping would b required to

direct the cooling water to either Steel Creek or the 186-L reservoir. About Z7
months would be requirad to design and construct this alternative. Construction

would take place away from Steel Creek. A shutdown of about 1 month would be
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required while all new facilities are completed if L-Reactor is operated before
the construction of this alternative.

Capital costs for this alternative are an estimated to $70 million (2.8”C

approach), and annual operating coats are an estiumted $5.5 million. Present
worth of this alternative would be about $140 ml llion and the annualized coat
would be about $16.4 million (Du Pent, 1983d). An estimated 150 construction
personnel would b required.

Production efficiency is estimated to be about 97.5 percent of that for the

direct discharge reference case. The valuea in Table 4-50 are baaed on daily

average temperatures in Steel Creek. River water withdrawal requirements would

be 100 percent of the discharge and evaporation flow ratea. The discharge rate
for this alternative would be 10.9 cubic meters per second.

Because of the potential need for blending with river water to meet State

discharge criteria, cooling water at near-ambient temperatures would be dis-
charged to Steel Creek. Table 4-51 and Figure 4-37 present the seaaonal maxi-
mum downstream temperatures in Steel Creek. Thua, there would be no appreciable
impacts on the temperature of Steel Creek or Savannah River water from the

cooling-tower discharges.

Table 4-51. Temperatures (‘C) downstream in Steel Creek with
cooling towers with partial recirculation
(2.8°C approach)

Location Summers Summerb Springb Winterb

Discharge temperature 28 27 23
Road A

11
29 28 23 11

Swamp at delta 30 28 23 10
Mid-swamp 29 27 21 9
Mouth of creek at river 29 27 21 10

aBased--on--worat–5=day–@t-e-or61~i-cZl-cofidi tlons (July [l-15, 19-8-0)–and

estimated operating power of the reactor.
bBa~ed on 30_year ~verage values for wteorological conditions (1953-

1982) and the actual power of an operating reactor. Summer average tempera-
tures have been included to show the discharge and Steel Creek temperatures

that could be expected if significant temperature excursions above and below
average did not occur.

cTemperature of water entering Steel Creek.

The 2.8°C approach temperature tower would met State discharge limits of

32.2°C St all times, as indicated in Table 4-51.

A cooling tower designed for an 8,4°C approach temperature would result in
sunnner cooling-water discharge temperature about 5°C higher than the 2.8°C

apprOach temperature tower. Adding more than 5°C to Table 4-51 would result in
noncompliance with State discharge litits .
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The 8 .4°C approach temperature tower would also increase the blending water
required, and would result in discharge rates that could significantly exceed
10.3 cubic inters per second if blending were to be applied during the summer
months. The use of an 8.4°C approach temperature tower would bs much less

desirable, for these reasona, than a 2.8° C tower in this alternative. Becauae
an 8 .4°C approach tower in a partial recirculation system wuuld not comply with
State discharge requirements, even with flow rates greater than 11 cubic inters
per second, it has been dropped from further consideration.

Partial-recirculation cuoling towers would ha in normal compliance with

discharge criteria with infrequent excursluns. These excursions are predicted

to uccur at night during January, February, and March, for 1 to 4 hours. Only

the Steel Creek temperature rise crlterinn wuuld be exceeded at these times (Du
Pent, 1983d).

Because the duration and rate of discharge (10.9 cubic meters per secund)
for this alternative (2.8”c approach) are nearly identical to that for cooling
towers with direct discharge (Section 4.4.2.3.1. 1), the environmental impacta
would be the same. Although near-ambient temperatures would be achieved from
the uucfall to the Savannah River, the effluent flow would have adverae effects
un the envirunment. Emergent macrophytes and other wetland flora wuuld be
upruoted by the increased flnw rate, and the delta would grow at a rate of about
3 surface acres per year. Sunnner and spring temperatures uf Steel Creek above
the delta would ba about 1“C above ambient, and 3°C above ambient in winter.
Water temperatures at the muth uf Steel Creek would be about ambient in summer
and spring, and 2°C above ambient in winter. Thus, thermal effects tu aquatic

biota would not be significant.

Except for the dtigating effects associated with lower discharge tempera-
tures, the environmental impacts caused by this alternative (2.8°C approach)
would be similar tu those for direct discharge; they are summarized aa fullows:

● The high flow rate would impact between 420 and 580 acres uf wetlands
within the Steel Creek curridor. Because tha effluent wuuld not have

elevated temperatures, the high flow rate would impact between 70 to 80
——per.cent–of—chat–a~ea -of—ehe-delta–predicted–f or–direct–diacharge~ —Thus3 -

between 215 and 335 acres would ba eliudnated (ur a total of 635 to 915
acres of wetlands). The wetlanda that wuuld b impactad by this alter-

native are claaaified as Resource Category 2 by the U.S. Fish and Wild-
life Service. This resuurce categury and designation criteria include
“high value fur evaluating species and scarce or hecuming scarce”
(USDOI, 1981). The mitigation planning goal specifies that there ha ‘“no
net leas of inkind habitat value. ” About 30 acres of uplands would bs
impacted for the construction of the cuuling towers.

● Foraging aitea for the endangered wuod stork would be eliminated due to

increased water levels.

● The impingement of 16 fish per day (5840 fish per year), and the annual

entrafnmnt of 7.7 x 106 fish eggs and 11.9 x 106 fish larvae would
uccur.
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About 3.4 curies would be transported the first year using a 2.8”c ap-

proach; an 8.4°C approach would releaae 3.5 curies. Liquid releasea of
tritium to the Savannah River would be about 8800 curies per year.

Atmospheric releases would result in (1) a maximum of 5 hours per year
of fogging (i.e., visibility reduced to less than 1000 uters) within
about 1.0 kilometer of the towers, and (2) a ~ximum of 55 hours per
year of ice accumulation on horizontal surfaces. An estimated O.37
kilogram per acre per rmnth of salts would b emitted within about 1.0
kilouter of the towers.

Potential impacts to five archeological sites eligible for the National
Register. A mitigation plan would be developed and implemented prior to
restart similar to that described under direct discharge.

No impacts to substrate, water quality, or water levels due to dredging

or filling.

Increaaed sedimentation and erosion due to effluent discharge; delta
growth is anticipated to be 3 surface acres per year.

This alternative would require the following permits or processes: (1) an
NPDES permit, (2) consultations with the FWS, and (3) the preparation of a bio-
logical asseaaent for endangered species.

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would be as described above (i.e. , loss of 635 to 915
acres of wetlands). If it is implemented after direct discharge occurs, the

environmental impacts would be the same as those described in Sect ion 4.4.2 .2.1
(i.e., loss of 730 to 1000 acres of wetlands, etc. ). Any mitigative effects re-

sulting from this alternative would not begin until the end of the 27-month con-
struction period.

4.4.2 .3.3.2 Partial recirculation--with refrigeration

This alternative is the same as the partial recirculation case described in

Section 4.4.2.3.3.1 with the addition of a refrigeration unit that would be used
primarily at night during the winter, to met State discharge criteria. The

refrigeration system would operate about 2 to 5 hours per night from January
through March. During those hours, about 1 cubic meter per second would be

diverted through the refrigeration unit to give a mixed Steel Creek temperature
that complies with State discharge temperature requirements.

The estimted construction time would be 27 months, with a downtim of

about 1 month for system connection, assuming L-Reactor would be operating hs-
fore this alternative is implemented.

Capital costs would be about $85 million, and maintenance and operating

costs would be about $5.7 million. Present worth would be $157 million and

annualized cost would be $18.4 willion (Du Pent, 1983d). An estimsted 180 con-
struct ion personnel would be required.
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The production efficiency would be about 97.5 percent. Partial recircula-
tion alternative would discharge 10.9 cubic meters per second into Steel Creek,
and total recirculation alternatives discharge only about 0.6 cubic meter per
second.

Average ambient temperatures at Road A in Steel Cresk are 29°c in summr,
22°C in spring, and 8°C in winter (Du Pent, 1983d). Tabla 4-52 lists downstream

temperatures by seaaon.

Table 4-52. Temperature (“C) downstream in Steel Creek with partial

recirculation with refrigeration (2.8°c approach)

Location Sumwra Summrb Springb Wintarb

Discharge temperature 28 27 23 11
Road A 29 28 23 11
Swamp at delta 30 28 23 10
Mid-swamp 29 27 21 9
Mouth of creek at river 29 27 21 10

aBased on worst 5-day meteorological conditions (July 11-15, 1980) and
estimated operating power of the reactor.

bBaaed on 30-year average valuea for meteorological conditions (1953-

1982) and the actual power of an operating reactor. Suuscer average tempera-
tures have been included to show tha discharge and Steel Creek temperatures
that could be expected if significant temperature excursions above and below
average did not occur.

cTemperature of water entering Stael Creek.

Using a 2.8°C approach tower and a refrigeration unit, near-ambient creek
temperature would be achieved continuously. Partial recirculation cooling
towera (2.8”c approach) with refrigeration would, therefore, meet State dis-
charge-requi-remantsycontfmuously:

Cooling towers with partial recirculation and refrigeration (2.8“c ap-
proach ) would have thermal consequences that are similar to those from cooling
towers with total recirculation and refrigeration (2.8“c approach). Thus, the
environmental effects of this alternative would ba essentially the same as those
of the partial recirculation alternative without refrigeration. In general,
environmental effects are aumrized as follows :

● The high flow rate would impact bstween 420 and 580 acres of wetlanda
within the Steel Creek corridor. Because the effluent would not have
markedly elevated temperatures, high flow rate would impact between 70
to 80 percent of that area predicted for direct discharge. Thus, be-
tWeen 215 and 335 acres would ~ impa~ted (Or a tOtal of 635 to 915
acres of wetlands). The wetlanda that would b.rimpacted by this alter-
native are classified ae Resource Category 2 by the U.S. Fish and Wild-
life Service. This resource category and designation criteria include
“high value for evaluation species and scarce or bscoming scarce. ” The
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mitigation planning goal specifies that there be “no net loss of inkind
habitat value” (USDOI, 1981). About 30 acres of uplands would be im-
pacted for the construction of the cooling towers.

Foraging altes for the endangered wood stork would be eliminated due to
increased water levels.

The impingement of 16 fish per day (5840 fish per year), would occur, as
would the annual entrainment of 7.7 x 106 fish eggs and 11.9 x 106
fish larvae.

The transport of 3.4 curies. of radiocesium would occur the flrat year
using a 2.8°C approach. Liquid releaaes of trit ium to the Savannah
River would be about 8800 curies per year.

Nonradioactive atmospheric releaaes would result in (1) a maximum of 5
hours per year of fogging (i.e., visibility reduced to leaa than 1000
meters ) within about 1.0 kilometer of the towers, and (2) a mximum of
55 hours per year of ice accumulation on horizontal surfaces. An estl-
msted 0.37 kilogram per acre per month of salts would be emitted within
1.0 kilometer of the towera.

Potential impacts to five archeological sitea eligible for the Natioml
Register. A dtigation plan would be developed and implemented prior to
restart siudlar to that described for direct discharge.

\,

● ‘No impacta to substrate, water quality, or water levels due to dredging
,yr filling.

Impacts to wetlands from this alternative would & the saw aa those for

partial recirculation without refrigeration. High flow would affect between 420

and 580 a’:resin the Steel Creek corridor, and between 215 and 335 acres of wet-
lands in the delta and swamp.

\

This alternative would require the following permits or processes: (1) an
NPDES peruIIt, (2) consultation with the FWS, and (3) the preparation of a bio-

logical asseasrcent for endangered species.

If this alternative is implemented before direct discharge occurs, the

environmental impacts would bs aa described above (i.e., loaa of 635 to 915
acres of wetlanda ). If it is implemented after direct discharge occure, the

environmental impacts would k the sams as those described in Section 4.4.2 .2.1
(i.e., lOSS of 730 to 1000 acres of wetlands, etc.). Any mitigative effects
resulting from this alternative would not bgin until the end of the 27-month
construction period.

4.4.2.4 Other recirculation alternatives

Four alternative cooIlng syster@s were evaluated that would recirculate

“cooling water through impoundments located on the SHY. Impoundments that would

require new design and cOnstructiOn include L-pOnd, the High-Level pOnd, and
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Ksl Pond. Par Pond, an existing impoundment that is currently used to cool
P-Reactor, could also be used to cool L-Reactor.

DOE would perform safety analyaes for the design of the cooling-lake em-

bankment to ensure stability during construction, closure, filling, drawdown,
and under all conditions of lake operation, including appropriate earthquake

loading. The design will also aaaure that the embankment is safe against over-

topping during tbe inflow of the design flood and during wave action. These

analyses will bs performed to ensure public safety, because a failure of tha
cooling-lake dam could have adverse impacts on portions of the Seaboard Coast /

Line hilroad and South Carolina Highway 125 (SRP Road A) where they cross Steel #
Creek or other onalte streams belw a cooling lake.

/

Impounded water for a cooling lake would cause a local ground-water mound
in the water-table aquifer. This effect of the lake would dissipate with depth

/
and is expected to have only a small effect on water levels in the McBean Forma-
tion. The green clay is an important confining unit separating the McBean fromJ
the underlying Congaree Formation. It would pre”vent the increased head associa-

ted with a cooling lake from impacting the head differential bstween the Tusca-
loosa and Congaree Formations (see Figure 3-9). It is also an important bariier

to the mfgration of contaminants from near the surface to lower hydrostrati-]
graphic units. In the Separations Areas, the green clay (about 2 meters thick)
supports a head difference of about 24 wters between the McBean and Congaree

Formations. Based on water samples obtained for tritium analysis from the Con-
garee near the H-Area seepage baain, the green clay has effectively protected
the Congaree ground water from contamination seeping into the ground (Ms~ne,

1965) . In the L-Area, the green clay is about 7 inters thick. At che Par Pond
pumphouse along the strfke of the McBean and Congaree Formations, the green clay
also supports a large head difference; the water pumped from the Congaree Forma-
tion shows no evidence of tritium contamination even though tritium concentra-
tions in that lake were msasured at 27,000 picocuries per liter. Water pumped
from the Congaree by the pumphouae well exhibited tritium concentratioria of

170 picocuries per liter or less in comparison to concentrations of 260 * 60
picocuriea per liter in offsite well water (Ashley and Zeigler, 1981)J

4.4.2 .4.1 L-Pond _—.. –-. –.—- -– ---———. —.—

The dadng of Steel Creek to form a lake, L-Pond, to accept heated efflu-
ent from L-Reactor haa baen investigated. The discharge from L-R&act or would
enter L-Pond directly without any precoollng. Cooled water from the lake would
be pumped back to the L-Reactor reservoir for recirculation through the reactor.

Under this alternative, an earthen embankment would be constructed across
Steel Creek approximately 750 meters above the Seaboard Coast Line Railroad

bridge (Figure 4-38). This embankment would be approximately 32 meters high and
about 1500 meters long, impounding just over 1300 acrea, “ith a normal pool
eleVation of 61 meters abOve man aea level. The total amount of earth fill
required to construct the embankment would be 840,000 cubic meters. Several
earthen berms would be required to prevent high water from overflowing natural

saddles near the east and north enda of the lake.

The creation of L-Pond would require the relocation of two 115-kilovolt
electric tranatission and buried supervisor control and relay cable lines that
cross Steel Creek near Road A_14. Approxi@tely 1400 meters of South Carolina
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Electric and Gas Company 115-kilovolt transmission line would be replaced by

steel towers and new conductor cable to enable the line to span the widened

waterway. Several SRP roads inundated by the lake would be abandoned or raised.

A new pumping station, similar to but smaller than the existing Par Pond
station, would be constructed on the northwest shore of the lake near Road
A-14. The power for this station would be run from the existing 504-3G substa-
tion approximately 1200 meters away. A new pipeline generally paralleling tbe
northwest shore of the pond would carry cooled water back to the L-Reactor

reservoir. Access roads for construction activities would be routed to minimize
environmental impacts. About 40 months would be required to design and con-
struct this alternative (Ou Pent, 1983d).

This alternative is similar to the 500-acre lake, except the dam and lake

are larger. The construction of the recirculation portion would not affect re-
actor operation. A shutdown of about 1 month would be required to divert the
stream through the discharge structure .

The estimated capital costs for L-Pond would be $73 million, with annual

operating expenses of $2.9 million. The present worth would be $135 million and
the annualized cost would be $15.9 ndllion (Du Pent, 1983d). An estimated 630
construction personnel would be required.

The relative production efficiency of this alternative is expected to be

96 percent of that for the direct discharge option. The water discharge rate to
Steel Creek would be about 0.5 cubic meter per second and would consist of the

overflow from L-Pond. Makeup water temperature from the Savannah River to
L-Pond would have minor effects on L-Pond temperature and reactor operation.

Under extrem summer meteorological conditions, the overf low to Steel Creek
would have an exit temperature of about 33”C, which is 2°C above ambient in sum-

mer at Road A. Near-ambient temperatures should be reached at the Steel Creek
delta in the spring and summer. Thus, this alternative would not increase the
water temperatures of the Savannah River.

The thermal behavior of L-Pond is_exp.ected_to_be_similar.-to..that.of–Rar.—.. .
Pond. L-Pon~” should experience thermal stratification from April through
October and it should be well mixed from November through March. During periods
of thermal stratification, the hypolimnion could become intensely anoxic, with
ferrous iron and other metals being dissolved frOm the sediment (Marshall and
LeRoy, 1971). Seasonal cycling of cesium-137 , similar to that found In Par Pond
(Alberts et al., 1979), is probable in L-Pond.

This alternative would provide normal compliance with the maximum 32.2°C
discharge temperature limit rise in Steel Creek except during ~xtreme S“mer

meteorological conditions.

Near-ambient temperatures would be reached at the Steel Creek delta, allow-
ing continuing successional recovery of the swamp with associated utilization by
aquatic and terrestrial species (fish, waterfowl, wood stork, and the American
alligator) . Delta growth under this alternative is expected to bc near zero.

The L-Pond alternative would inundate approximately 1060 acres of upland
pine. This lake would support minimal aquatic life because of a contfnually
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high water temperature. Isolated cool-water refuges tight b utilized mininmlly

by aquatic (fish) and semiaquatic (herpetofauna, wading birda, beaver) biota.

This alternative would inundate approximately 7.6 kilometers of Steel Creek
from just north of Road B to the dam (Figure 4-38). Thus, about 240 acrea of

wetlands including active habitat of the American alligator would be inundated.
The wetlanda that “o”ld b.simpacted by this alternative are classified as Re-

source Category 2 by the U.S. Fish and Wildlife Service. This reao”rce category
and designation criteria include “high value for evaluation species and scarce

OK becoming scarce” (USDOI, 1981). The mitigation planning goal specifies that
there b “no net loss of inkind habitat value. “o If releases from L-Pond into
Steel Creek are maintained near the average natural flow (i.e., 0.6 cubic meter
per second ), foraging habitat of the endangered wood stork would not be af-
fected. Additionally, this option would have no impact on the shortnose
sturgeon.

The mkeup water required for L-Pond would represent ~ 9-percent Increase
(1.8 cubic meters per second) over present SRP intake withdrawal rates from the
Savannah River. This increaae would result in impingement and entrainment
losses from the river of about 956 additional fish per year and 1.3 x 106 fish

eggs and 1.9 x 106 fish larvae per year, respectively.

The transport of radiocesium off the site IS expected to ~mo”nt to about
0.8 curie per year, about half the amount presently transported (Hayes, 1981).
Approximately 24 curies of the cesium- 137 currently in the Steel Creek channel
and floodplain would lie beneath L-Pond. This alternative would release 2170

curies per year of tritium from L-Reactor to the Savannah River.

Nonradioactive atmospheric releases would result in a maximum of 130 hours

per year of reduced visibility (less than 0.8 kilometer) o“ the leeward side of
the impoundment, and a mcximum of 115 hours per year of ice accumulation on
horizontal surfaces. No deposition of salts due to drift is expected.

The area subject to impact by this alternative contains 10 archeological
sites. Two to four sites could & inundated. A mitigation plan would ~ de-

veloped and implemented prior to restart similar to that described under direct
discharge.

The inundation of 1300 acres would modify the bottom contours of the sub-

strate and create vastly different patterns in water circulation, depth (32
meters at the dam), and temperature. The diversity and abundance of benthic

organisnm would also be mrkedly changed. Excavation of the creekbed for dam

construction would necessitate the disposal of approximately 3000 cubic meters
of possibly contaminated spoil. The overflow from L-Pond, which would ba dis-

charged into Steel Creek, would have a minimal impact on the substrate of the
creek or its delta.

Spoil from the surface portion of the embankment foundation in the steel
Creek floodplain, estimated to contain a total of 0.2 curie of cesium-137 and
0.02 curie Of cobalt-60, would be separated, contained, replaced outside the
jurisdictional wetlands upstream of the embankment, and covered with subsurface

spoil to prevent erosion during the construction period. This relocation would

have no effect on net cesium transport estimates. All uncontaminated material

would be removed and used for backfill in the borrow areas. Thus, any impacts
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on water quality and turbidity in the L-Pond would be temporary until suspended
particulate settle and bottom sediments stabilize. Seasonal cycling of sny

remaining cesium-137 is probable in L-Pond (Alberts et al. , 1979). The water
quality of L-Pond should bs very similar to that of Par Pond. An iOn-

concentration ratio (lake-to-river) of 1.0 to 2.5 la expected for L-Pond.
Necessa~ precaution would be taken during embankment construction to contain
suspended particulates and sediment from roving into the Steel Creek corridor.
Embankment construction and L-Pond overflow ia expected to have a minimsl impact
in water quality and turbidity in Steel Creek and the swamp.

L-Pond construction would vastly alter water levels and circulation pat-
terns over the 1300 acres. Erosion control and removal of the excavated mate-
rial would ndnimi ze the discharge of material that could obstruct or change the

direction or velocity of flows both above the embankment and in Steel Creek
below the embankment. The small increase in water levels below tbe embankment
should have minimal impact on Steel Creek and the swamp.

This alternative would require the following permits or processes: (1) a
U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDES pertit,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-
tion of a biological assessment for endangered species .

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would be as described above. If it is implemented after
direct discharge occurs , the environmental impacts would be the same as those
described in Section 4.4.2 .2.1 for once-through direct discharge (i.e., loss of
730 to 1000 acres of wetlands , etc. ). The ndtigative effects resulting from
this alternative are that the Steel Creek ecosystem and swamp below the L-Pond

dam would not be impacted. This would not begin until the end of the 40-month
construction period.

4.4.2 .4.2 Kal Pond

The feasibility of creating Kal Pond, which would serve both K- and

L-Reactors , has been studied. Such a lake would not only ndtigate thermal im-
. -pacts.associated with a direct discharge to Steel Creek-by L-Reactor, it would

also mitigate thermal impacts of K-Reactor on Indian Grave Branch and Pen
Branch. Heated effluent from both reactors would enter Kal Pond; after natural

cooling, it would be pumped back to the reactora for recirculation.

One large 2620-acre lake would be created by constructing embankments
across both Steel Creek and Pen Branch (Figure 4-39). The Pen Branch embankment

would be approximately 750 inters above Road A and the Steel Creek embankment
would be about 300 meters above Road A-14. The location of the embankment on
Steel Creek would elimfnate any impact on one of the two 115-kilovolt transnds-
Sion and control cable lines mentioned for L-Pond. It would also allow Road
A-14 to remain undisturbed and would reduce the mximum height of the Steel
Creek embankment by about 5 meters. The Pen Branch embankment would be approxi-
mately 800 meters long and the Steel Creek embankment would extend about 1400
meters. About 900,000 cubic meters of fill would bs required to construct the
two embankments . The normal water-surface elevation would be about 64 inters.
This water level would necessitate raising, rerouting, or abandoning several SRP
roads. Access roads for construction activities would be routed to mfniudze
environmental impa=te.
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A new outlet structure would be constructed at the edge of the new lake
north of the abandoned sectiw of Road B. Few modifications would be required

at the K-Reactor ~scharge tecause the present canal extends above the elevation
of the proposed water level.

Soue modifications would have to be made to the K-Area-to-L-Area steam line
and the river water lines serving K–, L-, and P-Reactors kcause Kal pO*d wOuld

flood the areas where they cross Indian Grave Branch and Pen Branch.

Two 115-kilovolt transmission lines and control cables would have to bs re-
located, one along Steel Creek and another paralleling Indian Grave Branch. In
addition, Steel towers and new conductor would be needed where ~nother 115-
kilovolt transmission line and control cable line cross Pen Branch mar Road C,
where the Steel Creek lines cross the new lake south of Road B, and ~here the
Indian Grave Branch lines cross the nsw lake near Road B.

The amount of time required to design and construct this alternative would
k between 60 and 66 months (Du Pent, 1983d). This alternative would require

about a l-month downtime for kth K- and L-Reactors . However, the shutdown of
the two reactors could be scheduled at the sa~ or different times, as desired.

Because of its structural complexity, capital costs for Kal Pond are esti-

mated to be $190 million, the mst costly of the alternatives (W Pent , 1983d).

Annual operating costs would be approximately $2 mf.llion. The present worth of
this alternative would be $299 million and the annualized cost would be $35

tillion (thJPent, 1983d). An estimated 870 construction personnel would be
required.

Tbe production efficiency of Kal Pond would be about 96 percent (derived
from Du Pent, 1983d). Elevated Savannah River temperatures would not directly

affect reactor operation. Makeup to Kal Pond would require 3.5 cubic ~ters per
second from the Savannah River; of this total, about 0.5 cubic meter per second
would be released to Pen Branch and Steel Creek.

Under extreme summer ~teorological conditions, the overflow would have an
exit temperature of about 33eC. Under average conditions, the discharge temper-
ature would be about 31“C. Near-ambient temperatures should be reached at the
Steel Creek and Pen Branch deltas. Thus, this alternative would have udnor ef-
fects m the temperature of the Savannah River water. The water ~~charge rate
from Kal Pond to Steel Creek and Pen Branch would be equal to their normal
seasonal flow rates.

This alternative would provide normal compliance with the mfimum 32.2°C
discharge temperature limit.

Kal Pond is expected to show thermal behavior much like that of Par Pond.
It should experience thermal stratification from April through October, and
should be well mixed from November through March. Nuring periods of thermal
stratification, the hypolimnion rould kcom intensely anoxic with ferrous iron
and other metals being dissolved from the sediment (Marshall and LeRoy, 1971).
The seasonal Cycling of ~sium-137, which follows the seasonal stratification
cycle (Alberts et al. , 1979), would be probable.
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Because this recirculation alternative would greatly reduce the thermal
dlecharge to Steel Creek, it would result in a significant reduction in impacts
to the biota of the creek, its delta, the floodplain, and the Savannah 8f.Ver in
comparison to tbe effects caused by direct discharge. A reducticm of thermal
impacts to Pen Branch and the Pen Branch delta would also occur.

Approximately 615 acres of riparian wetlands and 2005 acres of upland
conifers would be inundated by the Sal impoundment. This would include 7.0

kilometers along Pen Branch, 5.0 kilometers along Steel Creek, and 4.0 kilo-
meters along Indian Grave Branch. The wetlands that would be impacted by this
alternative are classified as Resource Category 2 by the U.S. Fish and Wildlife

Service. This resource category and designation criteria include “’highvalue
for evaluation species and SCarCe c,rbeco~ng SCarce c.(USDOI , 1981). The ~ti-
gation planning goal specifies that there be “no net loss of inkind habitat
value. ” This impoundment would flood forested habitats that cmce contained the
endangered red-cockaded woodpecker. This lake would support minimal aquatic
life because of continually high water temperatures .

Kal Pond would require a mximum of 3.5 cubic inters per second of water
from the Savannah River. Assuming that K-Reactor currently uses 17 cubic meters
of water per second, the current impingement is about 5840 fish per year (based
on the latest 12 months of data) and the current entrainment is 7.7 x 106 eggs
(1982 data) and 11.9 x 106 larvae (1983 data) per year. These values would
decrease to 1858 fish per year and 2.5 x 106 eggs and 3.8 x 106 larvae per
year, respectively, for the combined operation of K- and L-Reactors.

Radiocesium transport from Steel Creek is expected to be about O.8 curie
per year. Small quantities of radiocesium also would be delivered to the river
and swamp from Pen Branch. Approximately 20 curies of cesium-137 that are in
the Steel Creek channel and floodplain would lie beneath the lake. In addition,
the Savannah River would receive about 870 curies of tritium per year from
L-Reactor.

Nonradioactive atmospheric releases would result in (1) a maximm of 25
hours per year reduced visibility (less than 800 meters ) on the leeward side of
the impoundment, and (2) a maximum of 15 hours per year of ice accumulation on
horizontal surfaces . No deposition of salts due to drift is expected.

Twenty-nine archeological sites could be affected by this alternative. Of

these, 8 to 10 sites could be flooded. A mitigation plan would be developed and

implemented prior to restart similar to that described for direct discharge.

Little or no change Is expected in the substrate, erosion, or sedimental ion

patterns in Steel Creek or Pen Branch because the overflow would not produce
large increases to their normal flows and bcause, blow the reactor outfalls,

the streams are in approximate equilibrium for flow rates of 11 cubic meters per
second.

Spoil from the surface portion of the embank~nt foundation in the Steel
Creek floodplain, estimated to contain a total of 0.2 curie of cesium-137 and
0.02 curie of cobalt-60, would be separated, contained, replaced outside the
jurisdictional wet lands upstream of the embankment, and covered with subsurface

spoil to prevent erosion during the construction period. This relocation would

4-173



have no effect on net cesium transport estimtes. All uncontaminated material
would be removed and used for backfi11 in the borrow areas.

The chemical characteristics of the overflow to either stream are expected

to be similar to those of Savannah River water and the natural conditions of the
receiving streams. No appreciable changes in the characteristics of the blow-

down should occur as the result of river water (makeup) passing through Kal
Pond, except its concentration of suspended solids would b lower. The water

quality of Kal Pond should be similar to that of Par Pond; these lakes would be
nearly equal in size (Kal Pond would contain 8.37 x 107 cubic inters and Par
Pond contains 6.62 x 107 cubic ~ters). An ion-concentration (lake-to-river-

water) ratio of 1.0 to 3.2 is expected for Kal Pond (Tiny, 1974). The concen-
tration of tritium could reach 91,000 picocuries per liter, about ,2.5times the
7-year Par Pond average.

Kal Pond construction would vastly alter water levels and circulation pat-

terns over 2620 acres, which would affect Steel Creek, Pen Branch, and Indian

Grave Branch upstream of the dam. Erosion control and removal of much of the

dredged material to the onsite burial ground would minimize the discharge of
material that could obstruct or change the direction or velocity of flows both
above the embankments and in Steel Creek and Pen Branch below the embankments.

This alternative would require the following permits or processes: (1) a

U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDES permft,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-

tion of a biological assessment for endangered species .

If this alternative is implemented before direct discharge occurs , the

environmental impacts would be as described above. If it is implemented after
direct discharge occurs , the environmental impacts “ould include thO~e described
in Section 4.4.2 .2.1 (i.e., loss of 730 to 1000 acres of wet lands, etc. ) plus

those (i.e., 615 acres of wetlands and 2005 acres of uplands ) resulting from the
Kal Pond alternative. Any mitigative effects resulting from this alternative
would not begin unti 1 the end of the 66-month construction period.

4.4.2 .4.3 High-Level Pond

Two embankment sites across Pen Branch were studied for the construction of

a High-Level Pond; both would provide the same water elevation (83 meters ), The
first site would have provided a lake area of apprO~imately 1225 acres, ~hich
could not match the cooling efficiency of the other cooling lakes studied.
Therefore, a second site (Figure 4-40) was studied that would add 560 acres to
the first lake. The embankment for the second lake would be about 2750 meters
long with a maximum height of 35 meters. Two sections of earthen berm would be
constructed across a natural saddle west of this embankment; they would total
460 meters long b“t “Ot ~re than 3 Wters high. ne total amount of material
required to conatr”ct the embankment would be 1,900,000 cubic meters.

This lake would be upstream from the existing river water lines and, there-
fore, would have no impact on them or on the steam line from K-Reactor to
L-Reactor. However, it would require the abandonment of Road C between Roads 6
and 7; approximately lZOO ~ters of Road 6 would have to be raiaed as much as

12 meters. About 6 kilometers of 115-kilovolt transmission line and its buried
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supervisor control cable would have to be relocated. Access roads for construc-

tion activities would ~ rOuted to minimize environmental impacts.

Thermal effluent from L-Reactor would flow through existing pipes to a new

reinforced concrete sump, similar to that required by the cooling-tower alterna-
tive. The pumps in this sump would pump the hot water through a new pipeline to

diecharge into the High-Level Pond. The water would flow through the lake to an

intake structure near the embankment. A new pipeline would run 1750 meters,

from the intake structure, through the embankment, and to the L-Reactor lake.
Valves would control the gravity flow to provide the quantity of water required
for reactor cooling. Approximately 42 to 48 mnths would be required to design,

construct, and permit this.alternative.

L-Reactor shutdown time under this alternative would be the same as that

for the cooling towers, ,bcause the same pumping system would be constructed.
All other construction would take place away from the effluent system.

Estimated capital costs for the High-Level Pond would be about $120 mil-

lion. Annual operating costs should approach $1.9 million. The present worth
of this alternative would bs $174 tillion and the annualized cost would be $20.4
mfllion (W Pent, 1983a). An estimted 1215 construction personnel would be

required.

The High-Level Pond is estimated to have a relative production efficiency

of 96 percent. This alternative would allow all of Steel Creek to remin in
post-thermal recovery, unaffected by cooling-water effluents from L-Reactor. In

addition, therml discharges to the Savannah Rfver and its associated floodplain
swamp would remain at present levels. High-Level Pond makeup water would in-

crease withdrawal from the Savannah River by 9 percent (1.8 cubic meters per
second) over present withdrawal rates. Approximately O.5 cubic meter per second
would be released to Pen Branch.

Under extreme summer meteorological conditions, the overflow from Hfgh-
Level Pond would have an exit temperature of about 35”C. Under average condi-
tions, the temperature would be 34°c. This thermsl discharge would impact biota
in the 4-kilometer section of Pen Branch between the embankment and the stream’s
confluence with the K-Reactor thermal effluent (Indian Grave Branch) , becausa
the stream waters would bs slightly above ambient. Ambient temperatures in
Steel Creek would be unaffected by L-Reactor operation.

This alternative would not comply with the maximum 32.2°C State discharge

temperature nor would it comply with the 2 .8°C allowable temperature rise limit
in Steel Creek.

Because this recirculation alternative wOuld greatly reduce the therml
discharge to Steel Creek, it would result in a significant reduction of impacts

tO the biota of the creek, its delta, the floodplain, and tbe Savannah Rfver in
comparison to tbe effects cauaed by direct discharge.
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After the impoundment, a portion of Pen Branch would remain as stream
habitat bet”een, the High-Level Pond and tba thermally impacted reach below

K-Reactor. The stream flow and water temperatures in this portion would bs
affected little by the operations of K– and L–Reactors. However, surviving fish
in this segment would becoma essentially landlocked; their access to upstream
portions would ba prevented by the High-Level Pond dam and their access to down-

stream portions and the floodplain swamp would be limited to perioda of
K-Reactor shutdown.

Tbe High-Level Pond would inundate approximately 1175 acres of upland
forest habitat , and about 610 acres of riparian wetlands associated with three
headwater tributaries of Pen Branch. The wetlands that would b impacted by
this alternative are classified as ksource Category 2 by the U.S. Fish and
Wildlife Service. This resource category and designation criteria include “high
value for evaluation species and scarce or bcoting scarce” (USDOI, 1981). The
mitigation planning goal’specifies that there be “no net loss of inkind habitat.
value. ” Some acreage would be used for pipeline rights-of-way. This impound-
ment would not affeet documented habitats of endangered or threatened species.

High-Level Pond makeup water would increase withdrawal from the Savannah
River by 9 percent (1.8 cubic wters per second) over present usage . This in-

crease,would raiae current impingement losses by about 956 fish per year and
entrainment loaaes by 1.3 x 106 eggs and 1.9 x 106 larvae per year.

Rsdiocesium transported from Steel Creek is expected to remain at its cur–
rent level of about O.25 curie per year. Smsll quantities of ceaium-137 would

be transported from Pen Branch. In addition, the Savannah River would receive’

ab6ut ,5820 curies of trltium per year from L-Reactor.

Nonradiological atwspheric releases would result in a maximum of 10 hours
per year of reduced visibility (leas than 800 meters) on the leeward side of the
impoundment. No icing or salt deposf.tion due to drift is expected.

This upland area characteristically has fewer archeological sites than
floodplain areas. ,Eight to 10 sites, of which one or two would be eligible for

tbe National Register are estimated to exist in this area; they would b subject
to flooding. A mitigation plan would be developed and implemented prior to
restart similar to that described for direct discharge.

The chemical characteristics of the overflow are expected to be similar to

those of the waters of Pen Branch and the Savannah River, except the concentra-
tion of suspended solids would bs lower. The water quality of the High-Level

Pond should be similar to that of,Par Pond. An ion-concentration (lake-to-

river) rat,io of 1.0 to 1.3 is expected for the High–Level Pond (Tiny, 1974).

The overflow to Pen Branch would not cause any erosion or sediwntation

patterns to change in the stream or its delta because its flow would be in-
creased significant ly from its present level. Spoil from the surface portion

of the embankment foundation in the Steel Creek floodplain, estimated to COn-
tain a total of 0.2 curie of cssium-137 and 0.02 curie of cobalt-60, would be
separated, contained, replaced outside the jurisdictional wetlands upstream of
the embankment, and covered ~t~ subsurface spoil to prevent erosion during the
construction period. This relocation would have no effect on net cesium trans-

port estimates. All uncontaminated material would be removed and used for
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backf i11 in the borrow areas. Thus, any impacts on water quality and turbidity

would be temporary until suspended particulate settle and bottom sediments
stabilize.

This alternative would require the following permits or processes: (1) a

U.S. Army COE 404 permit, (2) an SCDHEC 401 certification, (3) an NPDEs pertit ,
(4) a 316(a) demonstration, (5) consultations with the FWS, and (6) the prepara-
tion of a biological assessment for endangered species.

If this alternative is implemented before the restart of L-Reactor, the

environmental impacts would bc as described above. If it is implemented after

direct discharge occurs, the environmental impacts would include those described
in Section 4.4.2 .2.1 for once-through direct discharge (i.e., leas of 73o to
1000 acres of wetlands, etc.) plus those (i.e., loss of 610 acres of wetlands
and 1175 acres of uplands ) resulting from the High-Level Pond alternative. Any
mitigative effects resulting from this alternative would not begin until the end

of the 48-month construction period.

4.4.2 .4.4 Par Pond

Under this alternative, the existing Par Pond would be used to COO1 the

effluent from both P- and L-Reactors. A pumping station simflar to that re-

quired for the cooling-tower alternative, but wfth larger pumps (because of the
longer distance) would be built south of L-Reactor (Figure 4-41). An under-
ground discharge pipe from these pumps would run to the northeast to a knoll on
the ridgeline between the watershed of Pen Branch and Lower Three RUnS Creek
(Par Pond) . At this point, the pipe would discharge into a new excavated canal
similar to those constructed to carry P- and R-Reactor effluents to Par Pond.
The new canal would follow the ground contours to tbe northeast to connect to
Pond A near the R-Reactor effluent canal. From this point, the cooling water
for L-Reactor would follow the same path through Par Pond that R-Reactor cooling
water followed when that reactor was operating.

The Par Pond pumphouae served both P- and R-Reactors for sow time but

would require modification to serve hth L- a“d P-Reactors; at present this
pumphouse has a capacity for only one and a half reactors. Sow new underground
pipelines would be required to return Par Pond water to the L-ReactOr reaer-
Voir. The amount of ti~ required to design and construct this option should
range between 30 and 44 months (Du Pent , 1982b). This alternative would use the
same pumping system as the cooling-tower and High-Level-Pond alternatives.
Therefore, the same l-month shutdown would be required.

The estimated capital co~t~ for the par pond ~lternative ~o”ld be $104 ~~-

lion. Annual operating costs would bs approximately $4.3 million. The present
worth would be $178 million and the annualized cost would be $20.9 million (UU
Pent, 1983d). An estimated 360 construction personnel would bs required.

The relative production efficiency of Par Pond should bc about 96 percent

(derived from Du Pent, 1982b) of that for the direct discharge option. Water
withdrawn from the Savannah River would increase by about 17 percent (3.5 cubic
meters per second) over present usage by SRP, including the use of Par Pond for
COOling P-Reactor.
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Under extrems summer meteorological conditions (Section 3.1. 1), the over-

flow would have an exit temperature of about 33”C, which is about 4“ to 5°C
higher than the mximum summer temperatures wasured in Lower Three Runs Creek
below Par Pond. Ouring average summer conditions, the discharge would ~ at

31°C. Thus, only minor therwl impacts would occur to Lower Three Runs Creek or
the Savannah River as the result of both L- and P-Reactors discharging ther~l
effluents to Par Pond. The thermal stratification and chemical cycling in Par

Pond are described in Marshall and LeRoy (1971) and Alberts et al. (1979).

This alternative would not produce thermal impacts on Steel Creek. It

would provide normal compliance with the mximum 32.2°C State discharge temper-
ature limit .

Because this recirculation alternative would greatly reduce the thermal

discharge to Steel Creek, it would result in a significant reduction in impacts
to the biota of the creek, its delta, the floodplain, and the Savannah River in
comparison to the effects csused by direct discharge.

Because Par Pond already exists , any mdif ications of terrestrial habitat
would b limited to a temporary disturbance to approximately 50 acres to con-
struct a new pipe discharge canal and pipelines . This 2700-acre lake, however,
Containa a diversified and abundant assemblage of aquatic and semiaquatic biOta,
including mre than 100 American alligator (Murphy, 1981). This alternative
would increaae water temperatures in the north arm (former R-Reactor discharge
arm) of Par Pond, and potentially displace the alligator and wintering
waterfowl.

Increasing water temperatures in Par Pond in the sumer could affect reac-

tor operating power. The water withdrawal rate for hth p- and L-Reactor~
(about 3.5 cubic meters per second ) would cause the impingement leases of 1B58
fish per year and entrainment losses of 2.5 x 106 fish eggs and 3.8 x 106
fish larvae per year.

Radiocesi”m transported from Steel Creek is expected to remin at its cur-

rent level of about 0.25 curie per year. A small a“o”nt of radiocesium f~
transported from Lower Three Runs Creek to the river (Shure and Gottachalk,
1976; Gladden, 1979) ; this alternative could increase the rate of tranaport but
only by a minor amount (i.e., 0.25 curie). In addition, L-Reactor would dis-
charge about 3600 curies of tritium to Par Pond each year (ou Pent, 1982b) ; in
addition, several curies of radioceaium would be remobilized from the R-Reactor
cooling-water canal and lakes enroute to Par Pond. The total releaae of tritium
to the Savannah River from L-Reactor would be 6270 curies per year.

Nonradiological atmospheric releases would result in (1) a maximum of 20
hours per year of reduced visibility (less than 800 meters) on the leeward side
of the impoundment , and (2) a maximum of 15 hours per year of ice accumulation
on horizontal surfaces. No deposition of salts due to drift ia expected.

Four archeological sitea are known to exist and an estimated four others
would occur in the impact area. One of these sites would bs subject to impacta
caused by the reworking of the ground. A mitigation plan would bs developed and
implemented prior to restart sitilar to that described for direct discharge.
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Little or no change is expected in erosion or sedimentation patterns in
Lower Three Runs Creek because the overflow discharged to the creek would remain

approximately the aam as it is now and the creek &d ia in equilibrium with
this flow rate. There would b no change in the chemical characteristics of the
overflow from Par Pond dam. Dredged material would be mnitored and handled to
meet applicable regulatory requirements. Thus, no adverse impacta to water
quality, aquatic substrate, or existing turbidity levels would occur.

This alternative would require the following permits or processes : (1) an
NPDES permit, (2) a 316(a) demonstration, .(3) consultations with the FWS, and
(4) the preparation of a biological assessment for endangered species. A U.S.
Army COE 404 permit would not be required.

If this alternative is implemented before direct discharge occurs, the

environmental impacta would b aa described above (successional recovery of
about .730to 1000 acres of wetlands ). If it ia implemented after direct dis-
charge occurs , the environmental impacts would be the same as those described
in Section 4.4.2 .2.1 for once-through direct discharge (ie., leas of 730 to
1000 acres of wetlands, etc. ). Any mitigative effects resulting from this
alternative would not begin until the end of the construction period.

4.4.2.5 Other alternatives

The alternatives described below are not intended to be used alone, but

rather in combination with either direct discharge (reference case) or 6ne of
the cooling-ater mitigation measures.

4.4.2 .5.1 Thermal cogeneration

Different thermal cogeneration system were evaluated (ADL, 1983) for tech-

nical and econotrdc feasibility at the Savannah River Plant . This study con-
sidered the following alternatives:

● Heat pumps for onaite steam generation

● Electrical production with Rankine cycles

● Onsite industrial applications in which private industry would construct
new planta on SRP that would use the energy in the effluent streama

c Onsite agricultural /aquacultural applications

● Hot water delivery to offaite users

The study conaidera only the first two alternativea to be econorrdcally attrac-
tive. However, the thermal mitigation achieved by these alternatives is insig-

nificant . If either of these alternative ia considered for installation , it

would have to bc justified on its om energy recovery.

Two different scenarios were considered for onsite steam generation. The
first one would uae an open-open cycle heat pump system to produce 1.9 kilogram
per second of 275,790-paacal steam for use in L-Area. The preliminary cost
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escimte indicated this option was economical. However, the option would remove

only 0.3 percent of the heat from the effluent stream. This reduction amounts

to an insignificant 0.3°C drop in effluent temperature at the outfall. Using

the results, a preliminary assessment of using heat pumps to generate steam was
completed (Du Pent , 1983g). The assessmnt made the following conclusions:

● The system would be unreliable for continuous operation &cause the
reactor would not operate continuously.

● The steam from the river water would contaminate the system it served.

In summary, the heat pumps would have a minor thermal mitigation effect and

aPPear to k unfeasible for SRP operation.

A Rankine cycle using ammonia as the working fluid has teen proposed to
generate electricity from the energy in the heated effluent. ADL (1983) dis-
cussed variations on the basic system.

The Rankine cycle would lower the effluent temperature from 71“C to 49”C.
The effluent flow was assumed to be 11 cubic meters per second. For the Rankine
cycle alone, 58 cubic inters per second of cooling water would have a tempera-
ture drop from 23°C to 19°C across its cooling tower. This tower design is a

14°C wet bulb, 9°C approach tower. The preliminary power output was revised in

a followup study (Du Pent, 1983g) to be 29 megawatts.

Capital costs (ADL, 1983) for the Rankine cycle are $101 million. The DU
Pent (1983g) estimate is $270 million. Approximately 8 to 12 years would be re-
quired for research and development, design, and construction of the Rankine

cycle. Current ly, the largest commercially available and proven units are in
the l-megawatt range and operate at source temperatures greater than 93°C (Du
Pent, 1983g).

The Rankine cycle could also be used in a precooler mde (ADL, 1983), which
would slightly improve the economics. In the precooler mode, the effluent leav-

ing the Rankine cycle evaporator would bs piped to a cooling tower. This tower
would be separate from the Rankine cycle tower. Because of the low reliability
of the Rankine cycle , the effluent cooling tower would be sized to handle the
inlet water temperature directly from the reactor heat exchangers. By lowering
the inlet temperature of the tower to 49°C, which ia possible by the Rankine
cycle, the coolant exit temperature from the tower would be approximately 0.6°C
lower than when the inlet water temperature fa 7l°C. This lower exit tempera-
ture is based on using the 27°c wet bulb and 2.8°c approach cooling towers. If
the cooling-water system was operating in a complete recirculation wde , the
reactor power would be increased slightly. The increased reactor power would be
worth $540,000 (Du Pent , 1983e ) on a yearly basis if the complete recirculation
mode w= in uae centinuous Ly.

The environmental effects of the Ra”kine cycle would differ depending on
whether fc was used alone or in a precooler mde . For the precooler nwde , the
environmental effects would b nearly identical to those described for the par-
tial recirculation cooling-tower alternative, &cause similar amounts of water
are being evaporated in bOth ca~e~.
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If the Ranklne cycle is used in its standalone operation, a combination Of .
environmental effects would occur for cooling towers and the direct discharge

alternative. &cause the Rankine cycle has its own cooling tower, the envfron-
mental effects of fogging, icing, etc. , for cooling towers would be applicable.
The reactor effluent would leave the Rsnkine cycle evaporator at 49°C and enter
the L-Area outfall. This temperature is the equivalent of running L-Reactor

near 1200 megawatts. The entire Steel Creek system at this reactor power would
still bs above 32.2”c. Because of the conler water temperatures than those pro-
duced by the direct discharge case, larger backwater areas could exist with tem-
peratures low enough to support aquatic biota. Other than this exception, the
environmental impacts on Steel Creek for the Rankine cycle would be sitiLar to
those for the df.rect discharge case.

The ADL (1983) report also considered some Rankine cycle cases that would

have altered the existing reactor heat exchangers. As with the heat pump cases,
these variations are not economically feasible and could compromise reactor
safety.

4,4.2 .5.2 Low-head hydropower

Planning studies were carried out (Tudor Engineering Co. , 1980) to evaluate

the potential for hydroelectric power generation along the existing effluent
channels that convey the cooling-water discharges from K- a“d C-AreaS . The
cooling-water discharge from each area is about the same as that for L-Reactor,
and the effluent channels for each area convey the cooling-water discharges from
an existing outlet pipe to a natural stream similar to L-Reactor. Therefore,

the K- and C-Area studies as well as other studies (Jarriel and Price, 1979;
Price, 1980) provided a basis for the following paragraphs.

~o locations for turbines were considered. Both are shown in Figure
4-42. The upstream location would include a penstock attached to the existing
pipe that would carry the cooling effluent from the effluent sump to the out-

fall. This new penstock would bypass the outfall and discharge the effluent to
Steel Creek downstream of the outfall. Energy would be generated by passing the

water through a single hydroelectric turbine of the propeller type shown in Fig-
ure 4-43. The other location for a turbine would be below a new embankment
impounding a 500-acre lake. The lake would provide cooling for reactor effluent
before Its discharge into the swamp and the Savannah River.

A turbine located beside the L-Reactor outfall would have a capacity of
about 1100 kilowatts and generate about 7700 megawatt -hours annually. ThiS

power plant would cost about $11.5 million to construct. Annual operation a“d

Wintenance would cost about $100,000. The value of the energy produced was
assumed to be $0.17 per kilowatt-hour. The project could b completed in

tid-1985.

An alternative system for an outfall turbine would attach the turbine to a
spray cooling pipe. The spray cooling valves would be closed during the late
fall and winter, when they would not be necessary. With the spray cooling
turned off, turbine generation would occur as it would in the conventional sys-

tem beside the outfall. Some generation could be possible when the spray cool-

ing system was operating. The savings in energy from hydroelectric generation

for this alternative does not justify the additional cost.
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If a 500-acre lake was built to allow once-through cooling for L-Reactor,
it might be economically feasible to install a hydroelectric turbine in the out-
flow. The turbine would attach to the normal release from the lake and dis-
charge into Steel Creek. There would & no temperature reducticm due to the

addition of hydroelectric power, but the econotics of the 500-acre lake would
benefit from energy savings.

A power plant below the embankment would have a capacity of about 1350
kilowatts and generate about 9440 megawatt-hours annually. The additional cost

for the hydroelectric plant would be about $4.9 million. Construction would be
complete only a few mnths after that of the embankment . The annual operation

and maintenance cost would be about $100,000 per year.

Another alternative considered was construction of both the outfall plant
and the plant blow the 500-acre lake. For the combined system, the economic

benefits of the plant below the 500-acre lake would be the sam as those de-
scribed above. The economics of the outfall power plant would k reduced due to

the head reduction resulting from a higher tailwater (the 500-acre lake). For
the combined system the outfall power plant would still cost about $11.5 million
and could b complete in tid-1985. However, the capacity would be reduced to

about 1000 kilowatts and annual generation would be about 7000 megawatt-hours .

The use of hydroelectric turbines along the discharge canal of L-Reactor
would not reduce the thermal impact on Steel Creek or downstream wetlands . How-
ever, the hydroelectric turbines would utilize an energy source and could have a
positive impact environmentally in reducing the use of fossil fuels at SRP.

4.4.2 .5.3 Modified reactor operation

The total heat load discharged into Steel Creek is a direct function of re-
actor power. Therefore, power could, in theory, be limited to a level below
that achieved at normal operating limits to control this heat load. As power is
reduced, the temperature (under extreme summer conditions ) would bc reduced from
about 80”C at the outfall for 2400 megawatts-thermal to 71°C at 2000 megawatts-
thermcl, to 53°C at 1200 megawatts-thermal, and to 40”C at 600 megawatts-
thermal. The temperatures within the Steel Creek system would also be affected
by reactor power levels . Simultaneous reduction of power and flow would in-
crease the outfall temperatures higher than those reported above and, therefore ,
offer little bnefit to the upper portions of Steel Creek.

While low power operation would not b practical for extended periods of
time, it could provide a means of meeting thermal limitations for short peri-
ods . If the power were reduced, cooling-ater flow could also be set to reduce
either the total flow or the temperature of Steel Creek. At reduced power, pro-
duction efficiency would be correspondingly reduced.

When mdified reactor operation is used in conjunction with alternative
cooling systems, the temperature of the effluent could ~ reduced further. For
example, temperatures in the lower portion of the Steel Creek and in the swamp
and Savannah River downstream of Steel Creek would k determined not only by the

operating power and cooling~ater flow of L- and K-Reactors , but also by the
atmospheric conditions and river temperatures and flow. Thus , this option could
be appropriate during periods of extreme meteorological conditions (such as
occurred between July 11 and 15, 1980).
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If extreme conditions combined to provide a tberml plume in the river that
is large enough to threaten the zone of passage, then the power and cooling-
water flow to either or both reactors could be adjusted.

4.4.2 .5.4 Fisheries management programs

As discussed in Section 4.1.1, the reference use (direct discharge to
Steel Creek) would have adverse thermal, entrainment, and impingement effects on
some of tbe biological system in Steel Creek and, to a lesser extent , the
Savannah River. One nption for mitigation of these effects would be the provi-
sion nf replacement habitat or substitute individuals to compensate for the
losses incurred. Although such losses would not be confined to one trophic
level or .gro”pnf aquatic organisms, the mitigation alternatives would focus on
fish because of their commercial, recreational, or eCOlogi Cal value, and, i“ one
case, their endangered species status.

This alternative would use the existing cooling-water system without any
modifications and would have no effect on any impact of L-Reactor operation
other than fish leases .

Based on recent Savannah River and Steel Creek surveys (ECS, 1983a,b; Smith
et al. , 1982), the fish species most likely to be affected by the various en-
vironmental effects associated with once-through cooling from the Savannah River
and direct discharge to Steel Creek would be American shad, striped a“d large-

mouth bsss, blueback herring, catfish and sunfish (Table 4-53).

Table 4-53. Fish species impacted by direct discharge to Steel Creek

Potential fish
Environmental effect species affected

Entrainment of fish eggs and larvae Blueback herring, striped bass,
American shad

Impfngenent of fish Clupeids (shad and herring),
centrachids (sunfish)

Lnss of spawning lnursery habitat in Channel catfish, redear and
Steel Creek fawamp system bluegill sunfish, largemouth

baas, blueback herring
Effect of Steel Creek therml PIUW Blueback herring, striped basa ,

in the Savannah River American shad

Other species that were considered for possible mitigation action include
the Atlantic sturgeon because of its commercial value and the shortnose sturgeon
because of ita endangered species status.

Replacement mitigation alternatives would include the following:

● Restock impacted species either by an onsite fish hatchery or through a
cooperative agreement with local state andlor Federal fish hatcheries.
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● Protect wetlands sidlar to the Steel Creek/swamp system by purchasing
or establishing a fisher$es /wildlife preserve.

● Conduct or support research as part of a coordinated Savannah River
fisheries msnagemsnt program and/or support the development of culturing
techniques for fish species that are not currently being raised for re-
stocking purposes.

4.4.2.5.5” Wstocking

The criteria used to select fish species for n!itigation alternatives
elude present and potential commercial and recreational value, ecological
endangered species status, and existing
bility. Table 4-54 identifies both the

selection.

The ecological value criterion was
to the Savannah River ecosystem without
itv. The culture feasibility criterion

in-
value,

culture capacity and/or culture feaai-
species and the criteria for their

hssed on present or potential importance
consideration of system-carrying capac-
included availability of broodstock,

availability of hatching and rearing techniques and present production capacity
of local hatcheries. Cost was not considered as a criterion for species selec-

tion; however, cost estimates are provided below after a description of the
mitigation alternatives.

The Savannah River Plant bas several sites that are suitable for fish
hatching and rearing, including the Flowing Streams Laboratory on Upper Three
Runs Creek and the Par Pond facilities. Both a hatchery facility and rearing

ponds would & required. Well water at a flow rate of 760 to 1135 liters per
dnute would be required for the hatching operation; surface water would bs
suitable for the rearing ponds. Costs to modify an existing facility for the
hat thing operation, would & approximately $250 ,000; the construction of a new
facility would cost approximately $400,000. Construction of the 10 to 12 0.5-

acre rearing ponds would cost as much $400,000. Annual cost to operate the
facilities, including support for a fish hatchery biologist and two technicians,
would he at least $250,000. Approximately 18 months would be required to design

and construct the facilities. Depending on the fish species cultured, full-
scale production could & achieved in 5 to 10 years . A wastewater-treat mnt
lagoon could he required for rearing-pond effluent but would probably not k re-

quired for the hatthing facility.

Based on the species selection criteria, American shad and/or blueback
herring are the best candidates for an SRP hatchery operation. No local hatch-

eries currently exist for these species. Broodstock could bs obtained by gill
netting in either the Savannah River or Upper Three Runs Creek. Techniques for
fertilizing the eggs and hatching the embryos are available . However, problem
have previously been encountered in rearing shad and herring fry to stocking
size because of their susceptibility to handling stress at this life stage.
Stocking at the larval stage could ba required to minimize handling mortality.
Several local striped bass hatcheries are already in full production. Also,
collection of striped bass broodstock would be difficult. However, striped bass
fingerlings could be obtained from another source and reared in SRP ponds.
Techniques for hatching and rearing Atlantic and shortnose sturgeon are not

available, but are currently being developed at the Orangeburg National Fish
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Hatche~. Obtaining and handling broodstock for these species would be a
problem because of their lnw relative abundance and large size.

An alternative to using SRP land for hatcheries would be to obtain fish
from local hatcheries. Both Georgia and South Carolina have hatchery facilities
for striped bass, channel catfish, largemouth bass, and sunfish. A cooperative
agreement could be established whereby SRF would provide support for the hatch-
ev operation in exchange for fish of stocking size. The species and the number
of individuals/species stocked would depend on estimates of L-Reactor impacts,
mortality rate of natural and stocked fish, carrying capacity of the system
stocked, and availability of hatchery fish. Cost of this mitigation alternative
would be considerably less than the annual operating budget for an onsite hatch-
ery (i.e., $100,000 per year).

4.4.2 .5.6 Protect similar wetlands

If available, a PrOPertY comparable in size and wetlands value to the Im-
pacted Steel Creek/swamp area could be purchased and set aside as a fisheries/
wildlife preserve. Also, property of similar size could b set aside on the SRF
site. Thermal discharges from L-Reactor could reduce the spawning/rearing
habitat currently utilized by fish species in the Steel Creek/swamp system.
Other creeks and associated wetlands with similar spawning/rearing habitat exist
between the New Savannah Bluff Lock and Dam and the lower tidal reaches of the
Savannah River. A large parcel of land (greater than 1000 acres ) would cost

apprOxi~tely $500 per acre.

4.4.2 .5.7 Support fisheries research

It could be desirable to conduct/support fisheries research.
knowledge of the population dynamics and life history patterns of

Thorough

fish would be
needed before good fisheries management decisions can be n!ade. Recomwndat ions
for a fisheries management program based on a questionnaire completed by state
and Federal fisheries biologists in the southeastern United States (Rulifson et
al. , 1982) emphasized these research needs. Additional research would also be
required to develop techniques for hatching and rearing several species of im-
portance to the Savannah River system, which include the shortnose and Atlantic
sturgeon. A research program to collect fisheries data on selected anadromobs
fish species in the Savannah River would cost $150,000 per year. An additional
$50,000 per year could be used to support the development of sturgeon culture
techniques.

Initial costs (capital investment and construction), yearly operational
costs, and total costs after 5 yeara are sumrized in Table 4-55 for each of
the program described above.

4.4.2.6 Comparison of alternatives

Thirty-three alternative cooling-water systems were evaluated. The alter-

natives considered can be grouped into five major categories--once-through cool-
ing lake, recirculating cooling lake, once-through cooling tower, recirculating

cooling tower, and direct discharge. This section summrizes the engineering

and environmental eValUatl Ons for the most favorable alternatives for each
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Table 4-55. Yearly operational and total costs for
mitigation alternatives

Initial Operation 5-year
Mitigation alternative Cost cost per year costa

Restocking program
SRF hatchery $650,000 $250,000 $1,900,000

Agreement with local hatcheries -- 100,000 500,000
Fisheries/wildlife preserve 500,000 10,000 550,000
Support/conduct fisheries research -- 200,000 1,000,000

aNot adjusted for inflation.

category of cooling-water systems. This approach enables the reader to eval-
uate comparatively a range of reasonable alternatives, thus defining the fssue~
and providing a clear basis for choice among alternatives. The criteria used
in selecting the most favorable alternatives in each categocy are ability to
meet South Carolina water-quality standards, product ion considerations, sched-
ule, environmental factors, and the cost. Ability to expedite the schedule was

also considered for these alternatives and the degree that reactor operation
must be modified to meet State of South Carolina water-quality standarda.

Seven once-through cooling-lake options were considered: small lakes, small
lakes with upstream spray cooling, small lakes with upstream and downstream
spray cooling, a 500-acre lake, a 500-acre lake with upstream spray cooling, a
50&acre lake with upstream and downstream cooling, and a 1001)-acre ~ke . The
1000-acre la% evolved from the 500-acre lake in that it is the largest lake

(thus providing better cooling and operational flexibility to comply with South
Carolina water-quality standards ) that could be constructed on Steel Cresk in a
single construction season (i.e. , 6 months). For a lake size greater than 1000
acres, the construction schedule would be longer than a single construction
season due to the need to build additional embankments and reroute major roads.
The construction of the 1000-acre lake could also require more than one con-

struction season if an unexpected delay occurred to the start of embankment con-
struction. Thus, the 1000-acre lake is considered to be the best option for
this category. Reduced react”or power levels would ba required to comply with
South Carolina water-quality standards (i.e. , maintaining a balanced biological

community in the lake). The schedule for lake construction -n be greatly ac-
celerated from the estimates given earlier because the U.S. Army Corps of Engi-
neers (COE) has a staff readily available to design and construct the embankment
to fom the lake. This COE workforce is completing the construction of the
Richard B. Russell Dam on the Savannah River and is now becoming available.

Four recirculating cooling-lake options are considered: a 1300-acre lake,

Ral Pond, a High-Level Pond, and Par Pond. The Par Pond option is not con-
sidered further due to the significant impact on reactor operation for both
P- and L-Reactors and the potential environmental effects on the Par Pond eco-

system. The 1300-acre lake option is considered to bs the bsst ~ca”~e it
requires the shortest time tO implement “ith the least environmental effects.
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Lake construction, however, would require mre than one construction season.
Reduced power operation would be required to maintain a balanced biological

community in the lake.

For once-through cooling towers, three different designs--2. 8“C, 5.6 “C, and
8.4°C approach temperatures--for fo“r differe”t discharge options--discharge to
Steel Creek, canal to swamp, spray canal and canal to swamp, and canal to swamp
and pipe to the Savannah River--were considered. The 2.8“c approach cooling

tower is considered the best kcauae it has the lowest discharge temperature;
direct discharge to Steel Creek is used in this comparison because it requires
a minimum amount of time and cost to implement with the least impact on reactor
operation (e.g. , minimum annualized cost). Exceedancea of the South Carolina
water-quality standarda of 32.2 “C at the discharge point would be expected only
rarely; however, a variance would have to be requested from the South Carolina
Department of Health and Environmental Cent rol (SCDHEC) for the 2.8°C tempera-
ture difference requirement. The schedule could b expedited to complete con-
struction in slightly more than 1 year.

For recirculating cooling towers, three different designs--2 .8°C, 5.6°C and
8.4°C approach temperature--for four modes of discharges--total recirculation
with blowdown to Steel Creek, total recirculation with blowdown treatment prior
to discharge to Steel Creek, partial recirculation with discharge to Steel
Creek, and partial recirculation with refrigeration before discharge to Steel

Creek--were considered. A discharge of the blowdown to Steel Creek without
treatment would require a variance from the SCDHEC requirement for a delta-T of
2.8”c. The 2.8*C approach temperature with total recirculation and treatment of

blowdown is used in this comparison because it resetsSouth Carolina water-
quality standards and causes the least amount of impact on reactor operation

(e.g. , minimum annualized cost).

Four direct discharge options were considered--direct discharge to Steel
Creek (reference case ), spray canal, penstock diversion to Pen Branch, and lake-

canal diversion to Pen Branch. Because the spray canal would only provide a
udnimum amount of thermal mitigation, and because the two diversions to Pen
Branch options would impact previously unaffected areas, direct discharge has

been used in this comparison. DOE does not intend to pursue the option of
direct discharge; its implementation would require either a reclassification of
the Steel Creek system by the State of South Carolina or a Presidential exemp-

tion from the requirements of the Clean Water Act.

Table 4-56 compares engineering and environmental factors for the five

alternative cooling-water systems--once-through 1000-acre lake, recirculating
1300-acre lake, once-through 2.8°c approach temperature cooling tower, recircu-
lating 2.8°C approach temperature cooling tower with treatment of blowdown, and
direct discharge. After considering al1 factors, DOE has selected the once-

through 1000-acre lake as its preferred cooling-water alternative because it:

1. Meets all State and Federal regulatory and environmental requirements,
eliminating thermal impacts on the river, wamp, and unimpo”nded
stream, while providing a productive balanced biological community
within tbe lake

2. Provides the earliest reactor startup and the mximum plutonium de-

liveries of any regulatory and environmentally acceptable cooling-water
alternative
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3. Has the lowest costs of any regulatory and environmentally acceptable

cooling-water alternative

4. Is amenable to backfitting with precooler systems, if needed, which
could improve reactor operational flexibility and the product ion
capability.

The recirculating cooling tower alternative is considered the most favor-

able environmentally because it would not impact wetlands, the Steel Creek cor-
ridor, or uplands. This alternative was not identified as the preferred alter-

native, however, because it would require about 27 months to implement, even on
an expedited baais; this would cause a large, unacceptable loss in material pro-
duction. In addition, it would have a very high capital cost.

The recirculating cooling lake alternative is the next ~st favOrable ~n-

vironmentally; its impacts are similar to those of the recirculating cooling
tower, except it would inundate about 900 acres of uplands and 400 acrea of wet-

lands. This alternative would have very high capital costs and a long schedule

for construction in relation to that for the 1000-acre cooling lake. Even on an

expedited basis (i.e. , 18 months), the longer schedule would result in a large,
unacceptable loss in mterial production.

The once-through cooling tower would have similar environmental impacts to
those of the 1000-acre lake, except for the acreage inundated by the impoundment
and the thermal shock effects of the discharge from the cooling tower on aquatic
biota during startup or shutdown of the reactor. In addition, this alternative
would have a longer construction schedule, with an attendant impact o“ ~terial
production, would have twice the cost of the 1000-acre lake, and would require a
variance from South Carolina thermal standarda.

4.4.3 Disassembly-basin water disposal

4 .4.3.1 Background

The disassembly-basin watei &comes contaminated when tritium and other

radionuclides are carried over as process water adhering to the fuel and target
assemblies and when tritium is contained as water of hydration in aluminum oxide
on the assemblies. The disassembly-basin water is recirculated through sand
filters and deionizes to clarify the water and remove radionuclides; tritium,
however, is not removed in the process, and SmaII residuals of other radiOn”-
clides also remain (Table 4-57). When the tritium content of the disassernbly-
basin water has built “p to a procedural control level, the water is purged from
the disassembly basin. Normally the basin is purged of as much as 1,890,000
liters of water following each reactor discharge. The purge is not continuous,
but occurs at a frequency that depends on the type of reactor assemblies and the
frequency of discharge operation; typically, the basin is purged twice each
year.

Initially, the L-Area disassembly basin would contain very little tritium
because the reactor would start “p with a nontritiated charge of heavy water.
The amount of tritium discharged would gradually increase as the tritium content
of the reactor process water i“crEases d“e to “eutro” activation. After about
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Table 4-57. Expected average annual liquid releasea of
radionuclides to the L-Area seepage basin--

tenth year

To Steel Creek from
To seepage basin ground watera

Radionuclide (Ci/yr) (Ci/yr)

H-3 bl.1 ~ 104 6.0 X 103

P-32 1.2 x 10-3 —-

S-35 9.5 x 10-3 2.9 X 10-8

Cr-51 1.8 X 10-1 --

CO-58, CO-60 3.7 x 10-4 2.1 x 10-~
Sr-89 7.0 x 10-5 .-

Sr-90 2.0 x 10-4 —-

Y-91 5.1 x 10-3 --

Zr-95 1.1 x 10-2 -.

RU-106 3.4 x 10-4 1.7 x 10-5

Sb-125 8.0 X 10-3 2.6 X 10-3
1-131 6.9 X 10-3 —

CS-134 5.1 x 10-3 --

CS-137 4.4 x 10-2 --

Ce-144 1.9 x 10-2 3.8 X 10-4
PM-147 2.8 X 10-3 8.8 x 10-4

Unidentified
beta-gamma 8.9 X 10-2 --

Unidentified
alpha 3.2 X 10-4 --

aoutcrop activities after 15 years of L-Reactor oper-

ation. Due to long tranaport time in ground water, Sr-90
and Pu-239 would not reach outcrop until many years after
L-Raactor operations have ceased. Estimated dose effects at
this ti!neare much smaller than those due to the listed
radionuclides.

bThirty percent of this tritium is

evaporate.

10 veara of oueration. the tritium content of the

expected to

process water would approach
an &quilibriurn; that is, the amount of new tritium produced would equal the
amount lost through radioactive decay, leakage, and carryover during discharge
operations.

The following subsections describe alternative disposal methods for
disassembly-basin purge water and compare these msthods on the bases of cost and
offsite doses.
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